Identification of amino acid residues associated with modulation of flavin-containing monooxygenase (FMO) activity by imipramine: structure/function studies with FMO1 from pig and rabbit.
The activity of the flavin-containing monooxygenase (FMO) can be modulated by a number of nitrogen-containing compounds in a manner that is both isoform and modulator-dependent. We now show that the direction (activation or inhibition) and extent of modulation can also be dependent on substrate concentration. Imipramine activates methimazole metabolism catalyzed by rabbit FMO1 or FMO2 at methimazole concentrations greater than 50 or 100 microM, respectively, and inhibits at lower methimazole concentrations. The extent of the activation increases as the substrate concentration increases, and the extent of inhibition increases as the substrate concentration decreases. With either inhibition or activation, the magnitude of the effect shows a similar, direct dependency on imipramine concentration. In contrast, imipramine inhibits the metabolism of methimazole catalyzed by pig FMO1 at all substrate concentrations. The structural basis for this unique ortholog difference between the responses of rabbit and pig FMO1 to imipramine was studied by random chimeragenesis and site-directed mutagenesis. Results with chimeras indicated that modulation of FMO1 activity by imipramine is controlled to a great extent by two areas of the FMO primary structure (residues 381-432 and 433-465). Four amino acids in these regions (positions 381, 400, 420 and 433) and one additional residue (position 186) were identified by site-directed mutagenesis as primary determinants of the imipramine response. When the residues at these positions in rabbit FMO1 are exchanged for the corresponding residues of pig FMO1, a mutant with the functional properties of pig FMO1 is produced. Our results suggest that the response of FMO1 to imipramine involves a distribution between two sites that is regulated by structural features that do not alter the overall binding. The inhibition observed, although it appears to be competitive, likely does not involve competition for a binding site since alteration of imipramine metabolism has no effect on the parameters of methimazole metabolism.